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Introduction
There is abundant evidence that cardiovascular disease (CVD) and non-communicable disease (NCD) more generally are no longer mere "diseases of affluence". CVD kills nearly three times as many people in developing countries each year as HIV, tuberculosis, and malaria combined, and it accounts by far for the predominant share of overall mortality in developed countries. The main question that this paper seeks to address is therefore: are CVDs bad for economic growth?
Theoretically, ill-health may not only reduce the supply and productivity of labor but can also impede human capital accumulation. Hence, a poor health status would negatively impact individual and social welfare both through the utility function and through a lower growth rate While the vast majority of studies examines a worldwide sample, it is not obvious whether the same relationship exists between health and economic growth for rich countries as it does for poor countries. Indeed, Rivera and Currais (1999a, b) , for example, find that an increase in life expectancy reduces economic growth rates among OECD countries. 4 Therefore, it seems important to pay particular attention to whether there are sample breaks and, if so, where they occur. To the best of our knowledge, only Bhargava et al. (2001) determine endogenously the sample breakpoint. They establish a threshold in terms of per capita income below which a higher adult survival rate is positively affecting growth. Above the (relatively low) per capita income threshold the relationship switches signs.
To the best of our knowledge, no study has hitherto explored in some more depth the growth implications of the particular type of diseases that account for the largest disease burden in high-income countries, and for an already substantial and fast growing burden in developing countries, i.e., non-communicable disease (NCD) 5 . The present paper fills this gap by examining the growth impact of cardiovascular disease (CVD), which is the disease that accounts for the greatest share of the NCD burden 6 . We follow Bhargava et al. (2001) in taking into particular account the potential difference between developed and developing countries, regarding the growth impact of this specific health indicator.
A priori, there is a lot to suggest that CVD might "matter" in economic terms.
First, a series of recent reports has highlighted the substantial and growing public health importance of CVD (Jamison et al 2006; WHO 2005) . A distinctive feature of CVDs (as well as some other non-communicable diseases) is that it causes morbidity and, hence, potential 4 However, Owen (1995, 1997 ) find a positive correlation when replacing life expectancy by public health expenditure as a proxy for "health". 5 It has come to be widely accepted that the term "non-communicable disease" is a somewhat unfortunate choice. The question then imposes itself whether on top of the obvious epidemiological evidence, the cost of illness as well as the microeconomic evidence, there may also be a macroeconomic impact of CVDs.
The present paper assesses the impact of CVD mortality on economic growth, adopting a panel growth regression framework, taking into account the potential endogeneity of CVDs.
We are thereby careful in proxying CVD disease by its mortality rate among the working age cohort to capture as close as possible the impact of the disease on worker productivity. As in Bhargava et al. (2001) , we start from a worldwide sample of countries for which data was available and detect a non-linearity in the influence of CVD on growth across the per capita income scale while controlling at the same time for more general health indicators. Then, we split the sample (according to the resulting income threshold) into low-and middle-income countries on one hand, and high-income countries on the other hand. In the latter sample we find a fairly robust negative contribution of increasing CVD mortality rates on subsequent five-year growth rates. Not surprisingly, we find no significant impact in the low-and middleincome country sample. Taken literally, this implies that as countries grow richer they should seek to avoid that what used to be "diseases of affluence" does not end up as obstacles to (even greater) affluence. 7 This feature of CVDs also helps prevent allegations of reverse causality in our growth regression framework adopted below. 8 See also Petersen et al (2005) for cost-of-illness estimates for all European Union member-states. 9 On the economic consequences of CVDs see also Leeder et al. (2004) .
The paper is structured as follows. Section 2 argues why CVD may be of particular importance in explaining income growth; section 3 describes the empirical methodology, section 4 presents and discusses the results. The final section concludes.
Cardiovascular disease
Why should cardiovascular disease matter for growth? Traditionally, just like noncommunicable diseases (NCDs) in general, CVDs have been considered by many as a "disease of affluence" -a consequence rather than a determinant of economic development.
Moreover, the economic importance of NCDs (or CVDs in particular) has typically been downplayed as it (allegedly) affected predominantly people beyond retirement age.
However, such notions of "conventional wisdom" fail to correctly characterize the contemporary epidemiological reality (Ezzati et al. 2005 ). First, NCDs already account for a larger share of mortality than communicable diseases and child and maternal disease taken together in all but the low income countries (see Figure 1) . The richer the country, however, the greater the share of mortality accounted for by NCDs (and CVDs), which is why we expect stronger evidence on the impact of CVD on income growth for high-income countries than for low-and middle-income countries.
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Second, a very large share of NCD and CVD mortality is actually occurring well before retirement age (see Table 1 ). For example, 31% of all CVD caused death falls into the age group younger than 65 years, even in low-and middle-income countries. When taking into 10 Figure 1 only gives a recent snapshot of the disease burden at one point in time. It is important to emphasise that recent trends unambiguously show the morbidity and mortality burden caused by CVDs (and NCDs) progressing at an increasing speed not only in high-income countries but also in developing countries (Jamison et al, 2006 Table 2 that contains also additional variables that entered our analysis beneath. Table A1 in the appendix gives summary statistics of each variable. Since we estimate a dynamic panel regression, and it is known that a standard OLS estimator is inconsistent in this case, we pay particular attention to the estimation methodology that is described next.
Empirical methodology
A panel growth regression model can be written in a general form as follows: A pre-determined (endogenous) covariate is defined as a random variable that is allowed to depend on past values of GDP per capita, but not on future GDP per capita. When allowing for pre-determined variables x it , the reverse causality from past values of GDP to x it is fully controlled for and the regression coefficient measures only the marginal effect from contemporary values of x it to future values of GDP per capita. Hence, a regression coefficient of a pre-determined variable measures causality in a Granger sense.
For example, when assuming our variable of interest CVD to be pre-determined, we take into consideration that the population in richer societies has a higher probability of CVD. The regression coefficient, however, filters this reverse causality, and measures only the impact that CVD today has on future economic growth assuming that today's occurrence of CVD is not depending on the prospect of future growth. However, the last assumption is not a binding constraint for our estimations, since it is not perceivable that life style adjusts before a change of income. Nickel (1981) has shown that an FE-estimator on (1) is inconsistent, when the time dimension is small, because there is a correlation of the group mean of the error term with the lagged dependent variable. Moreover, Trognon (1978) has shown that an OLS-estimator is also inconsistent, because the lagged dependent variable is correlated with the random effect. The direction of bias is generally not known without further information on the covariance matrix of all variables, although closed form solutions of the bias term exist.
Arellano and Bond (1991) recommend a one-step GMM-system estimator built on the following generalized moment conditions 
for t=p+1,…,T. The moment conditions in (3) hold, because lagged first differences of the dependent variable have differenced out the random effect and are not correlated with the contemporary error term.
As usual in GMM estimation, the generalized moments (2) and (3) are replaced by their sample estimates and the GMM criterion function over all moment conditions is minimized with respect to all regression coefficients. Because the moment conditions (2) and (3) imply that observations are taken twice (in level and first differences), the applied solution is identical to a system GMM estimator on a regression system of variables in levels and first differences.
The covariance matrix of the GMM criterion function depends on the regression estimates.
Hence, a heteroscedasticity consistent one-step estimator replaces the estimated covariance matrix with an approximation (see Roodman, 2004 , for details). A heteroscedasticity consistent two-step estimator uses the estimates of the second step to obtain an estimated moment covariance that is used to minimize the GMM criterion function again and obtain the more efficient two-step estimator. However, Arellano and Bond (1991) point out that there is a severe small sample bias of the covariance matrix of the regression coefficients, when applying the two-step GMM system estimator and recommend to use the one-step estimator.
However, Windmeijer (2000) has developed a small sample correction to the regression coefficient covariance matrix. Hence, we will apply both the one-step system GMM estimator and the two-step system GMM estimator with small sample correction. 12 and a larger number of applications exist such that more experience has been gained in applications. 12 We thank David Roodman for his STATA 8.0 module xtabond2, which is used in this study. Of course, we take sole responsibility for any possible remaining errors in the program.
Results
We begin with a GMM one-step system estimation of the baseline specification The first specification in Table 3 uses the 1-step GMM-system estimator with the first and second lag of the instrumented covariates as instruments. When choosing the lag number of instruments, a trade-off was taken into consideration between increased efficiency of additional instruments and an aggravation of the weak-instrument problem, if additional time lagged instrumental variables are only weakly correlated with the instrumented covariate.
14 Apart from the lagged dependent variable, we also use GMM instruments for the investment rate, which is suspected by Bhargava et al. (2001) to be endogenous. The estimated coefficients have all the expected signs. However, some control variables are not or only weakly significant. The coefficient on lagged income appears fairly large with large standard error. However, one needs to be careful not to mistake this coefficient for the convergence rate, since lagged income also appears in the interaction term.
Turning to our variable of interest, the CVD variable and its interaction term are both significant at the 1 % level. At a threshold level of income below 9719 PPP US $, there is a positive impact of CVD mortality rates on growth, and above this threshold there is a negative relation. Such an income threshold is also found in Bhargava et al. (2001) with respect to adult survival rates. However, the income threshold for adult survival rates is much lower seperating poor from middle and high income countries, while the threshold for CVD seperates rich from middle and poor income countries in the classification of the World Bank.
One needs to be careful in interpreting the relation of CVD and growth for three reasons.
First, the test of second order autocorrelation of the estimated error term is weakly significant.
This may render the covariate coefficient estimates inconsistent. Second, there may be reverse causality. Higher income growth may induce more luxury good consumption, which in turn could increase CVD mortality rates. Third, it may still be the case that there is no significant relation in one of the two sample halves, because the inclusion of the interaction term allows for a limited non-linearity only. In what follows we address all of these three possibilities.
First, we allow for endogeneity of the CVD variable and its interaction term in specification (2). This excludes any inconsistency from reversed causality as long as there is no correlation of future values of CVD on todays error term in estimating growth. The income elasticity of CVD mortality rates is reduced by half. Hence, reversed causality is likely to exist, but cannot explain the correlation of CVD and economic growth alone.
So far, the estimates rely on large sample theory. In specification (3), we apply the more efficient two stage GMM estimator with small sample correction from Windmeijer (2000).
Again, we do not observe any significant changes in results and obtain very similar estimates in magnitude.
To finally have a comparison, we also apply in specification (4) When restricting the sample size, different control variables become relevant. Since the rich countries have unconstrained access to the international capital market, the fertility rate and the investment rate are no longer determinants of income growth. The fertility rate influences income growth, because, when entering the labor market, the newly born cohort needs to be endowed with capital to keep the capital intensity constant. This additional need for capital formation reduces the rate of net investment at a given savings rate in a closed economy.
However, whenever there is access to an international capital markets, the additional capital formation can be financed from abroad without being constrained by the domestic savings rate. In a similar vein, the investment rate is equal to the savings rate in a closed economy.
Hence, economies with smaller savings rates invest less and grow less (Feldstein and Horioka, 1980 ). This relation breaks down, when there is access to the international capital market. Indeed, the investment rate and the fertility rate turn out to be insignificant on the sub-sample of rich countries. In addition, the openness variable of Gallup and Sachs (1998) is also insignificant, which may be due to the lack of time variation of this variable. Instead, we apply the openness variable from the Penn World Tables, which is defined as the sum of imports and exports divided by GDP. Since GDP is part of the construction of the openness variable from the Penn World Tables, we will treat this variable as endogenous in GMM estimations. In addition, the share of the working age population with secondary education becomes a significant determinant of income growth, because human capital -unlike physical capital -is typically not mobile internationally.
15 Table 4 displays the results on the rich-country sub-sample. First, we note that in specification
(1) the CVD variable is highly significant with negative sign, when applying a GMM-one step estimator with endogenous CVD variable. Unfortunately, the autocorrelation test of second order indicates severe problems of autocorrelation, which renders the estimator inconsistent.
To avoid this misspecification problem, we add in specification (2) an additional time lag of the dependent variable as covariate, but the autocorrelation problem remains. Since there is an additional lag of the dependent variable, all instruments are lagged by one more time, too, to avoid correlation of the instruments with the error term.
Only, when we also add the third 5-year time lag of the dependent variable in specification (3), the problem of autocorrelation of the error term is substantially reduced. Still, when the CVD variable is assumed exogenous, there is autocorrelation at the 10% significance level.
However, specification (4) endogenizes the CVD variable and the autocorrelation problem disappears. Hence, we consider this specification as our baseline, since it seems to be well specified: besides lack of autocorrelation of second order, the Hansen test of overidentifying restrictions is passed and the estimated coefficients are all significant with expected signs. For example, larger openness and a larger stock of human capital increase income growth.
Our variable of interest, CVD, is also highly significant at the 5% level. An increase in the mortality rate by 1% decreases the per capita income growth rate by about one promille point.
This is a small amount in terms of growth rates, but a large amount in money terms when summed up over the lifetime of an economy.
Since the number of rich countries is rather small, it is important to apply the small sample correction of Windmeijer (2000) to the covariance estimates. Specification (5) displays the results. While openness becomes insignificant mainly due to a larger standard error, all other estimates remain significant.
Finally, we report for the sake of comparison the estimates of an inconsistent OLS and FE estimator in specifications (6) and (7), respectively. While the magnitude of coefficients varies at times substantially indicating a presence of bias, the qualitative results remain the same, although the CVD variable is insignificant in the OLS specification.
Since there seems to be a cyclical component in GDP growth data of a rather large wave length which seems puzzling at first glance, we also investigate the same data annually. To be able to do this, we need to interpolate the secondary schooling share variable first. Then, we find that autocorrelation disappears only if we include time lags of the dependent variable for the first four years, the 10 th year and the 15 th year both for the entire sample and the richcountry sub-sample 16 . Hence, the rather large cyclical pattern in the data is not an artefact of choosing five-year growth rates in the previous analysis. The first four year time lags probably capture business cycle components of GDP growth. The larger lag length of 10 and 15 years may be explained by Kondratieff-type technology waves.
Next, we investigate the omitted variable problem. It may be that CVD mortality rates are correlated to an omitted variable that causes itself economic growth. For example, CVD mortality rates may be larger in societies with bad health systems which in turn may decrease the working moral, productivity, rate of return to investment, and eventually economic growth. Alternatively, it may be the case that the quality of the health system in general is itself a proxy variable for the quality of public intermediate goods supply. Finally, it may be a proxy for the innovative capability of an economy.
For this reason, we apply a number of alternative measures of the health system as control variables. Since an additional variable implies an additional regression coefficient that must be estimated, the number of moment restrictions will be insufficient to have several time lags of the instruments. In order to avoid inefficiency of the estimates, when using only one instrument, we refer to the specification, when the CVD variable is assumed exogenous and the two first valid lacks of the instruments are applied. This procedure is justifiable, because we found in specifications (3) and (4) of Table 4 that the magnitude of the coefficient of the CVD variable is very similar in both cases.
In Table 5 , specification (1), we add the control variable adult mortality rate that has been used before already in Table 3 . Next, we add the logarithm of the number of doctors per population in specification (2). The density of doctors can be thought of as a control for the coverage of the health system. In specification (3), we add the logarithm of the lagged mortality rate caused by injuries to control alternatively for the quality of the health system. Specifications (4) and (5) eventually control for the lagged logarithm of the old age We also tried all estimates of Table 5 assuming the CVD variable to be endogenous 17 . The CVD variable was always highly significant, but some other control variables became insignificant occasionally and some signs of control variables were not as expected.
Finally, we investigate whether the CVD variable really does have the opposite sign in the sub-sample of middle and low-income countries (results not reported, but available on request). However, we find that no significant relationship exists in this sub-sample. Hence, any negative impact of CVD on economic growth is only significant if income levels are sufficiently high.
Conclusion
The present paper has provided what is to the best of our knowledge the first attempt to assess the impact of cardiovascular disease on economic growth, using a growth regression framework. We used state-of-the-art methodology to address the most salient technical problems that could be addressed. There remains, however, a general concern about the application of the growth regression methodology (Durlauf, 2001 ). Data limitations matter, too: CVD mortality data, which we constructed on the basis of the WHO Mortality Database, is missing for many low-income countries, and where data is available, it is of significantly worse quality in the low-and middle-income countries compared to the high-income countries (WHO 2006). Hence our findings for the latter group of countries can be considered much more reliable than those for the low-and middle-income countries. Our results also contribute to the relatively small literature on the role of health as a determinant of growth in high-income countries. As briefly mentioned above, the empirical evidence on the role of health in economic growth in rich countries has produced rather unsatisfactory and mixed results, not least depending on the choice of health proxy. The very few studies that used public health expenditure as a proxy for health did find a significant positive contribution to economic growth in high-income countries. However, in light of the poor empirical link between health expenditures and health outcomes (Anderson and Poullier, 1999) , one may have reason to question the interpretation of the results (Rivera and Currais (1999a, b), Owen (1995, 1997) ). In contrast, studies that used life expectancy as a proxy for health generally failed to find a significant impact on growth, and where the impact was significant, it was commonly of a negative sign.
Our findings suggest that part of the ambiguous results may indeed be due to the choice of health proxy. As life expectancy varies very little between rich countries, it is not surprising to find that its explanatory power is highly limited. CVD-mortality (at working age) does vary more markedly between rich countries and therefore represents a more "appropriate" indicator to quantify existing health differences between rich countries. Nevertheless, the present study has only taken a first step towards an improved understanding of the "true" role of health in rich countries' medium and long term growth performance. For certain, in order to better understand the contribution of health to economic development in rich countries, there is a critical need to go beyond the most general health indicators that have traditionally been applied in the developing country literature.
